Surface modification of carbon nanotubes is crucial for the dispersion and interfacial adhesion of carbon nanotubes in polymer composites. Here we present a novel method to construct singlewalled carbon nanotube/chitosan composites using phosphotungstic acid as an anchor reagent to modify single-walled carbon nanotubes. The most direct benefit from this method is that this modification is mild but effective: the induced defects on single-walled carbon nanotubes are negligible based on Raman and transmission electron microscopy observations; and homogeneous dispersion of single-walled carbon nanotubes in chitosan matrices and strong binding between single-walled carbon nanotubes and chitosan are achieved. Moreover, according to the results of tetrazolium-based colorimetric assays in vitro, we demonstrate that the produced phosphotungsticacid-modified single-walled carbon nanotube/chitosan composites have good biocompatibility. Thus, our study provides a feasible route to fabricate biocompatible composites containing single-walled carbon nanotubes for potential application in bone tissue engineering.
INTRODUCTION
The application of carbon nanotubes (CNTs) as biomedical materials and devices has been an active topic recently. 1 Since carbon nanotubes are effectively reinforcing filler in polymer composite, 2 the natural 3 or synthetic 4 biodegradable polymers which lack the necessary mechanical strength for bone tissue engineering, have been considered to be reinforced by carbon nanotubes. To ensure the mechanical improvement in CNT/chitosan composites, homogeneous dispersion of CNTs in chitosan matrices and strong binding between carbon nanotubes and chitosan 5 are two crucial points. The dispersion of CNTs in chitosan can be achieved by covalent or non-covalent modification of CNTs. However, numerous studies have indicated that severe chemical functionalization of single-walled carbon nanotubes (SWCNTs) may produce many defects on the surface of SWCNTs and thus destroy the intrinsic structure of SWCNTs, 6 resulting a weakening mechanical strength of SWCNTs. On the other hand, a very recent study has reported that osteoblast (a bone-forming cell) * Authors to whom correspondence should be addressed. attachment and their overall growth is a function of carbon graphitization. 7 In this study, we develop an alternative method to fabricate SWCNT/chitosan composites, using phosphotungstic acid (PW 12 ) as a special binder agent. It was observed that PW 12 -modified SWCNT was homogeneously dispersed in chitosan matrices and the interfacial adhesion between chitosan and SWCNT was significantly improved. Furthermore, the most important advantage of this method was that the intrinsic structure of SWCNTs could be preserved. To determine the biocompatibility of the obtained PW 12 -SWCNT/chitosan composites, the cytotoxicity of the composites was investigated in vitro by quantization of growth of L-929 cells with the composites over 48 hours using 3-[4,5-dimethylthiazolyl-2]-2,5-diphenyl tetrazolium bromide (MTT) colorimetric assays. It was found that these composites are biocompatible to L-929 cell. from Sinopharm Chemical Reagent Co., Ltd. Raw SWCNT materials were produced by arc-discharge method and the purification process of SWCNT was reported previously. 8 The PW 12 -modified SWCNT was obtained followed the procedure reported by Fei et al. 9 The PW 12 -SWCNT/chitosan composite films were obtained by mixing PW 12 -SWCNT suspension and chitosan solution (1% w/v in 0.1 M acetic acid) with different ratio (SWCNTs 0.2 wt%, 0.5 wt% and 1 wt%) and casting to thin films. And a porous sponge (SWCNT 0.5 wt%) was produced by freeze-drying method. The PW 12 -modified SWCNTs and PW 12 -SWCNT/chitosan composites were characterized by X-ray photoelectron spectroscopy (XPS, Perkin-Elmer PHI-5300 ESCA), transmission electron microscopy (Hitachi 9000 HRTEM, accelerating voltage: 100 kV), scanning electron microscopy (SEM, JEOL, JSM-7401F) and Raman spectroscopy (632 nm, Jobin Yvon HR-800).
EXPERIMENTAL DETAILS
Mouse fibroblasts (L-929 cells) were cultured in the Dulbecco's Modified Eagle Medium (DMEM) containing 10% fetal bovine serum (FBS), 100 U/mL penicillin and 100 mg/mL streptomycin. All cells were cultured at 37 C in a humidified atmosphere of 5% CO 2 . The in vitro cytotoxicity of PW 12 -SWCNT/chitosan composites was evaluated by the MTT (3-[4,5-dimethylthiazolyl-2]-2,5-diphenyl tetrazolium bromide) colorimetric assay method. 10 All data were expressed as the average with standard error. Statistic analyses of in vitro assessments were performed using the one-way ANOVA test and the Fisher LSD and tukey method as multiple comparison procedure with a p value of 0.05. in small bundles of several to twenty nanometers that indicating a good dispersion in PW 12 solution. To thoroughly understanding the interaction between carbon nanotube and PW 12 , XPS and Raman spectroscopy was conducted to characterize the PW 12 -modified SWCNT. The existence of tungsten (W) in XPS survey confirmed the anchoring of PW 12 on SWCNTs after the modification (Fig. 2) . The detailed analysis of W4f speaks revealed that there were two different states of W4f: W(VI) and W(V), which can be attributed to the charge transfer from carbon surface to PW 12 similar in PMo 12 modified carbon. 11 Raman spectroscopy presented not only the information about the structure change of SWCNTs after PW 12 modification, but also the charge transfer between SWCNT and PW 12 (Fig. 3) . It is clearly observed that the radial breathing mode (RBM) of PW 12 -modified SWCNT has broader line width and relatively lower intensity than that of pure SWCNT due to the modification, and the RBM of the composite has a remarkable upshift comparing to that of SWCNT and PW 12 -SWCNT, that can be attributed to the partial intercalation of chitosan molecules into the SWCNT. 12 Moreover, the tangential G-band modes of the PW 12 -modified SWCNT show significant decrease in Breit-Wigner-Fano (BWF) asymmetry, indicating a chemical doping 13 of SWCNTs after PW 12 modification. But such a charge transfer between PW 12 and SWCNT has not induced the destruction of SWCNTs, which was identified by the kept D band features of SWCNTs after PW 12 -modified. The morphology of PW 12 -SWCNT/chitosan complex was observed by SEM (Fig. 4) . In a fracture surface, it can be clearly found that chitosan are smoothly covered with SWCNTs. So the PW 12 anchoring on SWCNTs surface via chemisorption has effectively improved the dispersion of SWCNTs in chitosan and enhanced the binding in PW 12 -SWCNT/chitosan composites, without inducing significant structure damnification of SWCNTs.
RESULTS AND DISCUSSION
Since PW 12 was used as an anchor agent to fabricate the PW 12 -SWCNT/chitosan composites, it is important to assure that no cytotoxic materials were imparted in PW 12 -SWCNT/chitosan composites. The tetrazolium-based colorimetric assay (MTT test), a commonly used method, 10 was carried out to quantitatively determine the biological response of cells to the PW 12 -SWCNT/chitosan composites. Figure 5 summarizes the MTT assay results of four PW 12 -SWCNT/chitosan composites. The percentages of viable cells after the exposure to various composites were above 85% in most instances throughout 2 days. The 15% difference compared with the blank sample was attributed to the occupancy of partial space of the wells by the tested samples. The optical microscopy showed that adherence and proliferation of L-929 cell with the PW 12 -SWCNT/chitosan films are as well as they did on polystyrene disks (Fig. 6 ), indicating that the composites were non-cytotoxic to mouse fibroblast. Therefore, PW 12 -SWCNT/chitosan composites are a promising candidate for tissue engineering study. A further study is on the way to investigate the cell attachment and development 
